Abstract Previous studies suggest that disease recurrence peaks at around 2 years in patients with early stage breast cancer (EBC), but provide no data regarding recurrence type. This retrospective analysis aimed to identify early recurrence types and risk factors in estrogen receptor-positive (ER?) EBC patients treated with adjuvant tamoxifen following breast cancer surgery. Postmenopausal women diagnosed with ER? EBC from 1995 to 2004 were evaluated. Annual hazard ratios (HR) for recurrence at different sites were calculated. Time-dependent Cox regression analysis was used to identify predictors of recurrence within 2.5 years of diagnosis, including factors that were more strongly predictive of early than later recurrence. Of 3,614 patients evaluated, 476 developed recurrence during the 5-year median follow-up. Cumulative recurrence rates at 2.5 years (95% confidence interval) were: overall 6.3% (5.5-7.1), locoregional 1.1% (0.7-1.5), contralateral 0.5% (0.3-0.7), and distant 4.8% (4.0-5.6). The annual HR of overall recurrence peaked at 2 years (4.3% per annum).
Introduction
Postmenopausal women with estrogen receptor-positive (ER?) early breast cancer (EBC) who have successfully undergone surgical resection are candidates for adjuvant endocrine therapy to reduce the risk of disease recurrence at local and distant sites. Tamoxifen, a selective estrogen receptor modulator, was the standard of care for such patients for nearly 20 years; it can significantly reduce recurrence and breast cancer-related death in patients prescribed about 5 years of adjuvant treatment [1] . However, the third-generation aromatase inhibitors (AIs) anastrozole, letrozole, and exemestane have proven more effective than tamoxifen at improving disease-free survival (DFS), whether given as upfront (initial) adjuvant therapy, as sequential or switch therapy following approximately 2-3 years of prior tamoxifen, or as extended adjuvant therapy following 5 years of tamoxifen treatment [2] [3] [4] [5] [6] [7] [8] .
Consequently, AIs are now widely recommended as adjuvant endocrine treatment of postmenopausal women with EBC [9, 10] .
Despite the results of major clinical trials proving the efficacy of AIs over tamoxifen, several issues remain unresolved regarding their use as adjuvant endocrine therapy. One of the primary unresolved considerations is whether these drugs should be used instead of tamoxifen as initial adjuvant treatment for postmenopausal women with successfully resected EBC, or whether 2-3 years of tamoxifen should precede the implementation of AI therapy. The latter strategy, using either exemestane [Intergroup Exemestane Study (IES)] or anastrozole (Arimidex Nolvadex [ARNO] 95 study and others) as endocrine therapy following 2-3 years of tamoxifen, potentially offers treatment cost savings relative to upfront AIs and significant improvements in DFS, event-free survival (EFS), and overall survival (OS) relative to tamoxifen alone [5] [6] [7] 11] . A significant caveat of the switching approach is that it effectively ''misses'' a sizable number of women who may relapse during the initial treatment period with tamoxifen; these patients have been excluded from AI switching trials such as the IES and ARNO 95 [5, 11] . Interestingly, in the Austrian Breast and Colorectal Study Group trial 8, the only reported sequencing trial that randomized patients at the time of surgery, the inclusion of recurrences during the tamoxifen period effectively negated the significant EFS benefit that was observed when these patients were not considered (hazard ratio [HR], 0.63; P = 0.010 compared with HR, 0.76; P = 0.068) [12] . Evidence from an earlier study further suggests a peak of breast cancer recurrence occurring between 1 and 2 years after surgery, and this was observed regardless of prognostic indicators such as tumor size and the degree of lymph node involvement [13] . The type of recurrence events occurring at this peak (i.e., local or contralateral recurrence or distant metastasis) was not reported. Furthermore this historical study used data from randomized trials were patients in the control arms did not receive adjuvant therapy as would be standard treatment protocol today.
From a surgical standpoint, it is important to determine the type of recurrence, in that if local or regional recurrences predominate, the use of more effective surgical interventions and/or adjuvant chemo-or radiotherapy can be advocated. The primary objective of this analysis was to determine the pattern of overall recurrence and the individual types of recurrence during the first 5 years of diagnosis in postmenopausal women with hormone receptor-positive EBC undergoing treatment with tamoxifen. A secondary objective was to identify predictors of recurrences developing within the early period to facilitate informed clinical decisions regarding the type of adjuvant endocrine therapy (i.e., AIs vs. tamoxifen) and the treatment strategy best suited to the patient (i.e., upfront AI vs. switch therapy).
Methods

Study population
Data were obtained from local breast cancer databases at five UK centres. All postmenopausal patients with ER? EBC diagnosed between 1995 and 2004 with no previous history of breast cancer and who received adjuvant hormone therapy were considered for analysis. From this cohort patients known to have either received adjuvant endocrine therapy other than tamoxifen or participated in any randomised controlled trial involving AIs were excluded.
Follow up, definition of recurrence and prognostic factors
In each individual unit patients were reviewed as per the unit protocol. This involved outpatient clinic review for a minimum of two and a maximum of four visits per year. Mammographic surveillance was routinely performed every 12-24 months over the first five years of follow-up. Invasive recurrence was recorded as the endpoint for this study. The site of recurrence was classified as locoregional (ipsilateral breast, axilla or supraclavicular fossa), contralateral breast, or distant (any other site). Patients with concurrent locoregional and distant recurrence were recorded as reaching both end points for the purpose of site specific survival analysis. Patients who died with breast cancer as a recorded cause of death, but with no previous record of recurrence, were deemed to have had distant recurrence detected on the date of death. The prognostic factors for recurrence that were considered included age, tumor grade, tumor size, histological type, the number of lymph nodes involved, lymphovascular invasion, and screen detection. Treatment variables were also considered in the analysis, including type of surgery and use of chemotherapy and radiotherapy.
Statistical analysis
Time to recurrence was measured from the date of diagnosis to the earliest date of detection of recurrence at any site. Follow-up times were censored on the date of last follow-up or the date of non-breast cancer death. Cumulative recurrence was calculated by the Kaplan-Meier method, and univariate comparisons between patient groups were performed using the log rank test. Smoothed recurrence rates were calculated by summing the reciprocal of the number of patients at risk for each recurrence event within a 6-month interval centered on the time point in question, and dividing by the length of that interval. Multivariate analysis was performed using time-dependent Cox regression stratified by center. The time-dependent term was a binary variable that distinguished between follow-up times of \2.5 years and later times. This time point was selected because previous studies [13, 14] had demonstrated a peak of recurrence around this time, and because switching studies have generally used the switch to an AI after 2-3 years of tamoxifen. All prognostic variables and their interactions with the time-dependent covariate were considered for inclusion in the final model, which was constructed by a stepwise variable selection procedure. Significance testing was based on a likelihood ratio statistic. SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for analysis, and P values \0.05 were considered significant.
Results
Patient and treatment characteristics
A total of 3,614 women were eligible for analysis. The demographic, pathologic, and treatment data of the study group are summarized in Table 1 . The median age at diagnosis in the study group was 62 years. The majority of women in the study group had tumors \2 cm (62.0%), grade II disease (58.9%), no nodal involvement (60.5%), and no lymphovascular invasion (67.5%). A total of 2083 (57.6%) patients received radiotherapy and 713 (19.7%) received chemotherapy.
Pattern of recurrence
Recurrence occurred in 476 (13.2%) of the 3,614 women included in the analysis during follow-up, which was for a median of 5 years. The first recorded site of recurrence was locoregional in 94 patients, contralateral in 38 patients, distant in 335 patients, and a combination of locoregional and distant in nine patients. Kaplan-Meier estimates of cumulative recurrence at 2.5 years (with 95% confidence intervals [CIs]) were: overall 6.3% (5.5-7.1), locoregional 1.1% (0.7-1.5), contralateral 0.5% (0.3-0.7), and distant 4.8% (4.0-5.6). At 5 years, the corresponding results were: overall 13.9% (12.5-15.3), locoregional 3.0% (2.2-3.8), contralateral 1.2% (0.8-1.6), and distant 10.5% (9.3-11.7). Figure 1 shows smoothed annual recurrence rates by site of recurrence as a function of time from diagnosis. Overall recurrence rates showed peaks at 2 years and at 3.5-4 years (4.3 and 4.5% per annum, respectively), and these primarily represented peaks of distant recurrence (3.4 and 3.5% per annum). In contrast, the annual recurrence rates for locoregional and contralateral recurrences never exceeded 1% over the 5 years following diagnosis, and no initial peak at 2 years was evident.
Analysis of predictors
The Kaplan-Meier estimates of overall recurrence at 2.5 and 5 years in various subgroups of patients are shown in Table 1 . In univariate analysis, all variables listed in Table 1 were significantly associated with recurrence-free survival (P \ 0.001; except radiotherapy, P = 0.009). Age [ 75 years; tumor size [2 cm; grade 3 tumors, [3 involved nodes; and lymphovascular invasion were each associated with [10% cumulative recurrence at 2.5 years (Table 1 ).
In the time-dependent multivariate Cox regression analysis, the only significant interaction was between the time-dependent term and age (P = 0.01), indicating that age was a stronger predictor of early, rather than late, recurrence. The final model, including this interaction, is shown in Table 2 . Age was a significant predictor of early recurrence after adjustment for the clinico-pathological factors in the model, with higher risk being associated with age C75 (P = 0.008). For recurrence [2.5 years after diagnosis, age had no significant independent predictive power. Tumor size, grade, nodal status, lymphovascular invasion, and mode of detection were all highly significant independent predictors of recurrence ( Table 2 ). As they had no significant interaction with the time-dependent covariate, they were equally strong predictors of early and later recurrence. The highest categories of tumor size, grade, and nodal status were each independently associated with an approximately threefold increase in risk relative to their respective reference categories. No treatment variables or their interactions with clinico-pathological variables were independently significant predictors of recurrence in this analysis.
Discussion
In this retrospective analysis of postmenopausal women with ER? EBC overall recurrence and distant recurrence peaked at approximately 2 years post diagnosis and then again peaked between 3.5 and 4 years post diagnosis (Fig. 1) . These results support previous data from Saphner et al. who identified a peak of recurrences at 2 years in a large cohort of patients (n = 3,585) enrolled in 7 Eastern Cooperative Oncology Group studies of postoperative adjuvant therapy [13] . Likewise, Houghton and colleagues reported a similar peak of early recurrence in the Arimidex, Tamoxifen, Alone or in Combination (ATAC) trial [14, 15] . Interestingly, the overlap in overall and distant recurrence rates observed in the current analysis ( Fig. 1) suggests that distant recurrences predominate as the primary type of recurrence at both time points. These findings of a peak in both overall and distant recurrences at 2 years is corroborated by data from two recent investigations of recurrences in the ATAC and Breast International Group (BIG) 1-98 early adjuvant trials, which demonstrated a predominance of distant recurrences at 2.5 years. In the ATAC trial, there were 195 and 236 total recurrences in the anastrozole and tamoxifen monotherapy arms, respectively; 133 (68.2%) and 143 (60.6%) were distant recurrences [14] . Similarly, in the BIG 1-98 trial, early recurrences occurred in 117 and 168 patients at 2 years in the letrozole and tamoxifen groups, respectively, and 87 (74.4%) and 125 (74.4%) were distant recurrences [16] . Results of these two major trials and the current analysis thus identify distant recurrence as the primary type of early recurrence event for postmenopausal women with ER-positive EBC. Of note, a potential bias could have affected the time dependence of recurrence rates in this retrospective study: an increased likelihood of detecting recurrences during scheduled follow-up visits and investigations. For example, an annual cycle in detection of recurrence in the contralateral breast is clearly visible in Fig. 1 ; this could be synchronous with the performance of follow-up mammography. By comparison, locoregional and distant recurrence show no such periodic variations that would be linked to follow-up procedures (Fig. 1) . Therefore, it is likely that the peak in distant recurrence at 2 years is genuine, and consistent with the existence of a subgroup of patients with a relatively high risk of early relapse. Evidence that distant disease recurrence predominates among all first recurrences is important when trying to determine which adjuvant AI strategy (i.e., upfront AI therapy versus switching to an AI after 2-3 years of tamoxifen) offers the greatest potential benefit, especially in reducing distant disease recurrence, during this early treatment period. In terms of its impact on survival, it has been widely accepted that distant recurrence is a major predictor of death; thus, distant disease-free survival (DDFS) is a key efficacy endpoint in major clinical trials of adjuvant endocrine therapy [17] . Indeed, data from a number of large, well-controlled, adjuvant trials show that early improvements in DDFS often precede later improvements in OS [18] . Retrospective cohort studies also distinguish distant recurrences from locoregional or contralateral recurrences as a significant predictor of death. In a study of 1,616 patients in a large integrated healthcare system (median 44.5-month follow-up), distant recurrence events were more predictive of death and had the lowest 5-year OS probability (HR, 13.6; P \ 0.001; 41.3%) compared with locoregional recurrences (HR, 4.5; a Hazard ratios different from those for follow-up time C2.5 years with the following significance levels: overall P = 0.03; age 55-64 years, P = 0.20; age 65-74 years, P = 0.08; age C75 years, P = 0.003, CI confidence interval P \ 0.001; 59.3%) or contralateral recurrences (HR, 3.0, P = 0.01; 83.4%) [19] . In addition, there was a significantly higher risk of breast cancer-related death for women with distant compared with locoregional recurrences (HR, 3.6, P \ 0.001). Distant recurrence events are also associated with substantially higher healthcare costs compared with locoregional or contralateral recurrences [20] . Adjuvant therapies that reduce the risk for distant, compared with locoregional or contralateral recurrences, are therefore likely to offer the most benefit in terms of survival. In this regard, results from the ATAC trial at 2.5 years demonstrated that anastrozole reduced distant recurrences by 7% over tamoxifen (143 vs. 133 events), whereas the reduction of locoregional, and especially contralateral, recurrences by anastrozole was considerably greater (17 and 74% reductions, respectively) [14] ; the relative reduction in time to distant recurrence at 100 months' follow-up was 16% (P = 0.022) [21] . By comparison, results from a retrospective analysis of early predictors in BIG 1-98 at 2 years of follow-up demonstrated that letrozole reduced distant recurrences by 30% compared with tamoxifen (87 vs. 125 events) [16] ; the relative reduction in time to distant recurrence at 25.8 months' median follow-up in the primary core analysis was 27% (P = 0.001) [4] . Most importantly, had the AI, in either case, been introduced after 2-3 years of tamoxifen therapy had elapsed, the reductions in these early distant events would not have been possible. Given the predominance of distant recurrence as a first event at this time point, the results of the present analysis strongly argue for the use of an AI rather than tamoxifen as upfront adjuvant endocrine therapy. There are limited data to identify subgroups of postmenopausal women with EBC who would be most likely to benefit from initial adjuvant AI therapy compared with tamoxifen. In the absence of such information, the most pragmatic approach is to identify patients at the greatest risk for early recurrence and thus those who, in light of the efficacy of AIs compared with tamoxifen, would be likely to derive the greatest benefit of early AI therapy. In this current study we have shown that large tumour size, high grade, involvement of more than 3 axillary nodes and the presence of lymhovascular invasion are highly significant independent predictors of recurrence within 2.5 years (P \ 0.001) ( Table 2) . Time-dependent Cox regression analysis allows the identification of factors whose influence on the risk of recurrence changes with time. Using this analysis technique we additionally identified age[75 years as a group greater risk of earlier recurrence compared with later recurrence ([2.5 years) ( Table 2) . Women aged over 75 years were significantly less likely to receive adjuvant chemotherapy (5 vs. 25% P \ 0.001) or radiotherapy (41 vs. 64% P \ 0.001) compared with women below the age of 75 years. This may be due to increased co-morbidity in patients older than 75 or the lack of robust evidence of a benefit of chemotherapy in addition to endocrine therapy in this age group. However, in the multivariate analysis, adjusting for the effects of radiotherapy and chemotherapy did not alter the conclusion that women in this age group were at a significantly higher risk of recurrence within the first 2.5 years than at later times. Women over 75 were also more likely than younger patients to be recorded as dying from breast cancer without a separate record of recurrence. This could potentially cause an overattribution of death related to breast cancer in elderly patients and subsequently increase the early recurrence rate. However, there was no evidence that such inferred recurrences occurred earlier than explicitly recorded recurrences in elderly patients or in the cohort as a whole.
Three other studies undertaken to identify prognostic factors for early recurrence have shown similar findings [16, 22, 23] . Additional factors found to be independent predictors of early recurrence include low ER positivity and human epidermal growth factor receptor 2 (HER2) overexpression/amplification [16, 23] . In ER-positive patients progesterone receptor negativity (PR-) has also been shown to be associated with increased early recurrence compared with PR positivity [16] . Unfortunately PR and HER2 status was not performed routinely in ER ? EBC patients in any of the centres during the study period. Kennecke and coworkers identified grade 3 status (odds ratio [OR] vs. grade 1 or 2, 2.53; P \ 0.001), low ER positivity (OR vs. moderate/high ER positivity, 2.27; P \ 0.001), and number of positive lymph nodes (1-3 vs. 0, OR, 2.27; 4-9 vs. 0, OR, 4.49; P \ 0.001) as significant predictors of early (within 2.5 years) recurrence [23] . Debled and coworkers found that approximately 16% of patients with modified Scarff-Bloom-Richardson grade 3, node-positive tumors developed recurrences within the first 3 years of tamoxifen therapy [22] . In the BIG 1-98 trial, significant predictors of early recurrence in multivariate analysis also included tumor size and grade and node positivity; however, even after adjusting for significant prognostic factors, letrozole was associated with a significant reduction in early relapses relative to tamoxifen (letrozole vs. tamoxifen: HR, 0.69; P = 0.002), with the difference in hazards occurring at about 1 year post randomization [16] . Fewer early relapses also were observed with letrozole relative to tamoxifen in all subgroups examined, with the exception of the grade 3 cohort; these findings highlight the potential benefits of implementing an AI therapy earlier rather than later [16] .
Results from two groups have used mathematical models to evaluate the benefit of initial versus sequential use of AIs. One analysis predicted that the upfront strategy was superior to the sequencing strategy, while the other analysis favored the use of a sequential strategy (2.5 years of tamoxifen followed by an AI) [24, 25] . These studies are limited by the use of results from switching trials to promote a sequential treatment strategy. Results from the sequential arms of BIG 1-98, expected in the near future, will be a key determinant in resolving this issue. These study arms have evaluated the efficacy of 2 years of tamoxifen followed by 3 years of letrozole, and 2 years of letrozole followed by 3 years of tamoxifen, in a directly comparative manner [4] .
Clinical guidelines from the St. Gallen Consensus Conference and the American Society of Clinical Oncology acknowledge the efficacy of AIs over tamoxifen based on the major clinical trials, but they do not clearly distinguish among treatment strategies (upfront or sequential use) [9, 10] . In particular, a majority of the 2007 St. Gallen panel suggested the use of an AI sequentially (i.e., after 2-3 years of tamoxifen), while reserving upfront use for higher risk patients, defined as those with 1-3 or more involved nodes and HER-2/neu amplification or patients with 4 or more involved nodes [9] . Importantly, the risk categories of St. Gallen include as intermediate risk those with tumors [ 2 cm and grade 2-3 tumors. The present findings suggest that the use of a sequential approach in these patients could place a substantial number at risk for recurrence while on tamoxifen, as patients in these categories have a significant risk of early recurrence.. Until results of the BIG 1-98 and TEAM trials, which compare upfront versus sequencing AI therapy, are available all postmenopausal women with ER ? EBC should be considered for an upfront AI apart from those with small, grade 1 or 2, node-negative tumors. All patients live with the risk that their cancer will return. The greatest protection should be provided to prevent recurrence, particularly early fatal distant recurrence.
